A search for Z bosons in the µ + µ − decay channel has been performed in PbPb collisions at √ s NN = 2.76 TeV with the CMS detector at the LHC, in a 7.2 µb −1 data sample. The number of opposite-sign muon pairs observed in the 60-120 GeV/c 2 invariant mass range is 39, corresponding to a yield per unit of rapidity (y) and per minimum bias event of (33.8 ± 5.5(stat) ± 4.4(syst)) × 10 −8 , in the |y| < 2.0 range. Rapidity, transverse momentum, and centrality dependencies are also measured. The results agree with next-to-leading order QCD calculations, scaled by the number of incoherent nucleon-nucleon collisions.
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The hot and dense matter produced in heavy-ion collisions, often referred to as the quark-gluon plasma (QGP), can be studied in various ways. One approach is to compare measurements made in heavy-ion (AA) collisions to those in proton-proton (pp) and proton-(or deuteron-) nucleus collisions. Another way is to compare in the same AA sample the yields of particles that are modified by the QGP to those of unmodified reference particles. At the Relativistic Heavy Ion Collider (RHIC), direct photons play the reference role [1] , although their measurement is complicated by copious background from π 0 and other decays, and by the existence of a parton fragmentation component which is potentially modified by the medium [2] . At the Large Hadron Collider (LHC) energies, a new and cleaner reference becomes available: the Z boson, decaying into leptons [3, 4] .
Electroweak boson production is an important benchmark process at hadron colliders. At 7 TeV centre-of-mass energy, measurements in pp collisions at the LHC [5, 6] are well described by calculations based on higher-order perturbative Quantum Chromodynamics (pQCD), using recent parton distribution functions (PDFs). In AA collisions, Z boson production can be affected by various initial-state effects, though predictions indicate that these contributions are rather small [3, [7] [8] [9] [10] . Firstly, the mix of protons and neutrons in AA collisions (the so-called isospin effect) is estimated to modify the Z yield by less than 3% compared to pp collisions [9] . Secondly, energy loss and multiple scattering of the initial partons can also alter the Z production, by about 3% [10] . The PDFs however are modified in nuclei and a depletion (shadowing) is expected for Z bosons at the LHC, modifying their yield by as much as 20% [9] . Precise measurements of Z production in heavy-ion collisions can therefore help to constrain nuclear PDFs.
Once produced, Z bosons decay within the medium, with a lifetime of 0.1 fm/c. Their leptonic decays are of particular interest since leptons pass freely through the produced medium regardless of its nature (partonic or hadronic) and properties. Dileptons from Z bosons can thus serve as a reference to the processes expected to be heavily modified in the QGP, such as quarkonia production, or the production of an opposite-side jet in Z+jet processes [3, 11] . The Z bosons are therefore ideally suited to serve as a standard candle of the initial state in PbPb collisions at the LHC energies.
During the first PbPb LHC run at the end of 2010, at a centre-of-mass energy per nucleon pair of √ s NN = 2.76 TeV, Z bosons were observed by the Compact Muon Solenoid (CMS) experiment.
The measurement reported in this letter is performed with a 55 million minimum bias (MB) event sample, corresponding to an integrated luminosity of 7.2 µb −1 .
A detailed description of the CMS detector can be found in [12] . Its central feature is a superconducting solenoid of 6 m internal diameter, providing a magnetic field of 3.8 T. Within the field volume are the silicon pixel and strip tracker, the crystal electromagnetic calorimeter, and the brass/scintillator hadron calorimeter. Muons are measured in gas-ionisation detectors embedded in the steel return yoke. In addition, CMS has extensive forward calorimetry, in particular two steel/quartz-fiberČerenkov, hadron forward (HF) calorimeters, which cover the pseudorapidity range 2.9 < |η| < 5.2.
In this analysis, Z bosons are measured through their dimuon decays. The silicon pixel and strip tracker measures charged particle trajectories in the range |η| < 2.5. It consists of 66M pixel and 10M strip detector channels. It provides an impact parameter resolution of ∼ 15 µm in the transverse plane. Muons are detected in the |η| < 2.4 range, with detection planes based on three technologies: drift tubes, cathode strip chambers, and resistive plate chambers. A matching of the muons to the tracks measured in the silicon tracker results in a p T resolution between 1 and 2%, for p T values up to 100 GeV/c. The centrality of AA collisions, i.e. the geometrical overlap of the incoming nuclei, is related to the energy released in the collisions. In CMS, centrality is defined as percentiles of the distribution of the energy deposited in the HFs [13, 14] . The centrality classes used in this analysis are 30-100%, 10-30% and 0-10% (most central), ordered from the lowest to the highest HF energy deposit.
Events are preselected if they contain a reconstructed primary vertex made of at least two tracks, and an offline coincidence of both of the HFs with a total deposited energy of at least 3 GeV. These criteria reduce contributions from single-beam interactions with the environment (e.g. beam-gas and beam halo collisions with the beam pipe), ultra-peripheral electromagnetic collisions, and cosmic-ray muons. The acceptance of this selection is (97 ± 3)% of the hadronic inelastic cross section [13] .
The events are also selected by the two-level trigger of CMS. At the first hardware level, two muon candidates in the muon detectors are required. At the software-based higher-level, two reconstructed tracks in the muon detectors are required, each with a p T of at least 3 GeV/c. In order to study the dimuon trigger efficiency, events are also collected with a single-muon trigger, requiring p T > 20 GeV/c. For Z bosons, the trigger efficiency is estimated to be 94%.
Muon offline reconstruction is seeded with 99% efficiency by tracks in the muon detectors, called stand-alone muons. These tracks are then matched to tracks reconstructed in the silicon tracker by means of an algorithm optimised for the heavy-ion environment [14, 15] . For muons from Z decays, the tracking efficiency is 85%, less than in the pp case, as the track reconstruction requires more pixel hits to lower the number of combinations, due to the high multiplicity. Global fits of the muon and tracker tracks, called global muons, are used to obtain the results presented in this letter.
Background muons from cosmic rays and heavy-quark semileptonic decays are rejected by requiring a transverse (longitudinal) impact parameter of less than 0.3 (1.5) mm from the measured vertex. Loose criteria applied on the reconstructed muons result in the dimuon mass spectrum shown in Fig. 1 , for muons with p T > 10 GeV/c. No muon isolation criteria are applied, as they are expected to have reduced efficiency in the high particle density of the PbPb environment. The fraction of Z decays removed by the applied selection criteria is estimated to be 2.6%, in both data and simulation. Residual background is estimated to be less than 4% by extrapolations from the low mass region, and no correction is applied. Thirty-nine Z candidates are observed in the mass interval 60-120 GeV/c 2 . Their distribution is consistent with the one from pp data at 7 TeV [6], scaled down to 39 counts and displayed as an histogram limited to the 60-120 GeV/c 2 mass range in Fig. 1 .
Muon trigger, reconstruction and selection efficiencies, as well as acceptance, are estimated using the PYTHIA 6.424 simulation [16] with CTEQ6L PDFs [17] and full GEANT4 [18] detector simulation. To take into account the effect of the higher PbPb underlying-event activity, simulated Z decays are embedded in measured PbPb events at the level of detector hits and with generated vertices matched to the measured ones. These events were processed through the trigger emulation and event reconstruction chain. Track characteristics, such as the number of hits and the χ 2 of the track fit, have similar distributions in data and simulation. The detector acceptance α, defined as the fraction of Z bosons produced at rapidity |y| < 2.0 that decay into muons with |η| < 2.4 and p T > 10 GeV/c, is estimated to be 78%. Within this acceptance, the overall trigger, reconstruction, and identification efficiency ε averages to 67%, and varies by less than 10% as a function of centrality.
The individual components of this efficiency are also estimated with a technique using data, called tag-and-probe, similar to the one used for the corresponding pp measurement [6] . It consists in counting the Z candidates with and without applying the probed selection on one of the muons: 1) the stand-alone muon reconstruction efficiency is probed with tracker tracks; 2) the silicon tracker reconstruction efficiency is probed with stand-alone muons; 3) the trigger efficiency is probed by testing the trigger response to global muons from a sample triggered by a single-muon requirement. The latter is also checked with high-quality reconstructed muons from MB events. In all cases, these data-driven efficiencies agree with those derived from simulation within the statistical uncertainties.
The total systematic uncertainty on the Z yield is estimated to be 13% by summing in quadrature the following contributions. The largest one is associated with the tracking efficiency and taken as the 9.8% precision of the above-mentioned data-driven efficiency determination. Similarly, the uncertainty associated with the dimuon trigger is 4.5%. The 4% maximum contribution from unsubtracted background is taken as a systematic uncertainty. The uncertainty associated with the selection criteria is considered to be equal to the 2.6% loss of events. The MB trigger efficiency is known at the 3% level. The uncertainty coming from the acceptance correction is estimated to be less than 3%, by varying the underlying generated kinematics (y, p T ) beyond reasonable modifications. Other systematic uncertainties are estimated to sum to less than 1.5%.
The yield of Z → µ + µ − decays per MB event is defined as dN/dy(|y| < 2.0) = N Z /(αεN MB ∆y), where N Z = 39 is the number of dimuons counted in the mass window of 60-120 GeV/c 2 , N MB = 55 × 10 6 is the number of corresponding MB events, corrected for trigger efficiency, α and ε are the acceptance and overall efficiency, and ∆y = 4.0 is the rapidity bin width. We find dN/dy(|y| < 2.0) = (33.8 ± 5.5 ± 4.4) × 10 −8 , where the first uncertainty is statistical and the second systematic. The analysis described above is repeated after subdividing the data into three bins for each of the following variables: event centrality and Z boson y and p T . The total systematic uncertainty does not vary significantly with these variables and is considered to be constant and dominantly uncorrelated.
In the absence of in-medium modifications, the yield of perturbative processes such as the Z boson production is supposed to scale with the number of incoherent nucleon-nucleon binary collisions. In order to compare the PbPb measured yields to available pp cross-section calculations, a scaling factor T AB is necessary. This nuclear overlap function is equal to the number of elementary nucleon-nucleon binary collisions divided by the elementary NN cross section, and can be interpreted as the NN equivalent integrated luminosity per AA collision, at a given centrality. In units of mb −1 , the average T AB amounts to 1.45 ± 0.18, 11.6 ± 0.7, and 23.2 ± 1.0, for the centrality ranges 30-100%, 10-30% and 0-10%, respectively, and 5.66 ± 0.35 for MB events. These numbers are computed with a Glauber model calculation [19] , using the same parameters as in [13] . The quoted uncertainties are derived by varying within uncertainties the Glauber parameters and the MB trigger and selection efficiency.
The full circles in Fig. 2 (a) show the centrality dependence of the Z yield divided by T AB , while the open square is for MB events. The variable used on the abscissa is the average number of participating nucleons N part corresponding to the selected centrality intervals, computed in the same Glauber model. No centrality dependence of the binary-scaled Z yields is observed in data. A similar result was recently published by the ATLAS collaboration [20] .
The normalised yields (dN/dy)/T AB are compared to various calculations: 1) using the nucleon CT10 and modified nuclear EPS09 PDFs [9, 21] , 2) using MSTW08 PDFs [22] and modelling energy loss [11] , and 3) provided by the POWHEG [23] generator interfaced with the PYTHIA parton-shower generator and using CTEQ6.6 PDFs [17] . Only a marginal centrality dependence is predicted: the inhomogeneous (i.e. depending on the radial position in nuclei) shadowing is predicted to have negligible impact [7] and the energy-loss prediction drops by 3% from peripheral to central collisions [11] . Nuclear modification factors, R AA = dN/(T AB × dσ pp ), are computed from the AA measured yields dN, the nuclear overlap function T AB , and the pp → Z cross sections dσ pp given by the POWHEG calculation (solid lines on Fig. 2 , e.g. dσ pp /dy = 59.6 pb in |y| < 2.0). The R AA systematic uncertainty includes T AB uncertainties, but no uncertainty is assigned to the theoretical pp cross section. All R AA values are found compatible with unity. They are reported in Table 1 , together with the number of observed Z bosons and their yield per event.
In conclusion, the Z boson yield in PbPb collisions at √ s NN = 2.76 TeV has been measured inclusively and as a function of rapidity, transverse momentum, and centrality. Within uncertainties, no modification is observed with respect to theoretical next-to-leading order pQCD proton-proton cross sections scaled by the number of elementary nucleon-nucleon collisions. This measurement confirms the validity of the Glauber scaling for perturbative cross sections in nucleus-nucleus collisions at the LHC and establishes the feasibility of carrying out detailed Z physics studies in heavy-ion collisions with the CMS detector. With upcoming PbPb collisions at higher luminosity, the Z boson promises to be a powerful reference tool for final-state heavy-ion related signatures as well as providing a means to study the modifications of the parton distribution functions. 
